Inositol-Requiring Enzyme 1α (IRE1α) is a transmembrane dual kinase/ribonuclease protein 33 involved in propagation of the unfolded protein response (UPR). IRE1α is currently explored 34 as a potential drug target due to growing evidence of its role in variety of disease conditions. 35 Upon activation, IRE1 cleaves X-box Binding Protein 1 (XBP1) mRNA through its RNase domain. 36 Small molecules targeting the kinase site are known to either increase or decrease RNase 37 activity, but the allosteric relationship between the kinase and RNase domains of IRE1α is 38 poorly understood. Subsets of IRE1 kinase inhibitors (known as "KIRA" compounds) bind to 39 the ATP-binding site and allosterically impede the RNase activity. KIRA compounds are able to 40 regulate the RNase activity by stabilizing monomeric form of IRE1α.
The co-crystallized ligand from PDB 4U6R as shown in Figure 1C was extracted from the PDB 150 structure and used for docking studies. KIRA is displayed in Figure 1C . KIRA was prepared using 151 LigPrep(22) in the Schrödinger suite(23). The OPLS3 force field(16) was used for KIRA 152 preparation steps and possible protonation and ionization states were assigned using Ionizer 153 at pH 7.4. 154 2.4. Molecular docking of KIRA 155 KIRA was docked in the kinase pocket of the IRE1 dimer back-to-back (PDB code: 4YZC) and 156 face-to-face (PDB code: 3P23) structures, using the Glide program(24) in Schrödinger(23) with 7 deleting the small organic molecules and ions present in the crystal structures, from the kinase 160 active site (i.e., ADP and Mg 2+ in the 3P23 PDB structure and staurosporine in the 4YZC PDB 161 structure, respectively). Two grid centers per dimer (i.e., one per each kinase active site) were 162 prepared, each cubic grid with a side length of 20 Å. The grid center was set at the centroid of 163 Lys599, a residue crucial for the kinase activity. XP (Extra Precision) docking mode and flexible 164 ligand sampling were employed in the docking procedure. All other parameters were set to 165 default values. The stability of the native crystallographic dimer structures of the IRE1 in back-to-back (PDB 168 4YZC) and face-to-face (PDB 3P23) conformer were compared with the predicted KIRA-bound 169 dimer forms, based on 300 ns MD simulations. For KIRA bound dimers we used both 170 complexes with KIRA docked in the kinase active site of the dimer structures 4YZC and 3P23, 171 and dimer structures generated from KIRA-co-crystallized IRE1 monomers. 172 For the MD simulations, the following steps were followed: (28), with the AMBER14SB force field for the protein(29). The systems 181 were explicitly solvated using cubic water boxes with cell borders placed at least 10 Å away 182 from the protein or ligand atoms using TIP3P water(30) under periodic boundary conditions.
183
The systems were first neutralized and Na + /Clcounter ions were added to give a physiological 184 salt concentration of 0.154 M. All simulation runs consisted of energy minimization until the 185 force was less than 1000 kJ mol -1 nm -1 , 200 ps under NVT conditions subjected to position 186 restrained equilibration on the heavy atoms of IRE1, 200 ps equilibration and 300 ns of 187 classical molecular dynamics simulation under NPT conditions. The simulations were run in 188 8 triplicate (referred to as Replica 1, 2 and 3). In all simulations, the temperature was kept at 189 300 K by the velocity rescaling thermostat(31) with a coupling constant of 0.1 ps, and pressure 190 at 1.01325 bar using the Parrinello-Rahman barostat(32) with a coupling time of 5.0 ps, 191 excluding NVT pre-simulation steps. Constraints were applied on all bonds using the LINCS 192 algorithm(33). The leap-frog algorithm(34) was employed in the simulations, with integration 193 timesteps of 2 fs.
194
The structural deviations during the MD simulation were analyzed using RMSD, number of 195 distinct hydrogen bonds and energy terms such as electrostatic (Ele) and van der Waals (vdW) 196 interactions using built-in tools in the GROMACS 5.1 package(28). For analyzing the dimer 197 interface RMSD, an index file was created with specific residues. The dimer interface was 198 defined as any pair of Cα atoms from one monomer within 10 Å of the other in the face-to-199 face and back-to-back dimers (35, 36) . All simulation protocols are provided as tarballs (.tar.gz) freely accessible at zenodo.org as 202 DOI: 10.5281/zenodo.3368654.
203
There are eighteen tarball (.tar.gz) files, three replicas for each of the sytems investigated.
204
The contents of each tarball is as follows: Figure S1 ). In particular, in the face-to-face dimer 219 KIRA binding is mainly stabilized by electrostatic interaction with Asp711, Asp688 and Lys690 220 ( Fig S2A and B) and in the back-to-back dimer with Glu651 and Cys645 (Fig S2C and D) while 221 the co-crystallized KIRA interacts mainly with Lys599, Glu651, Cys645, Phe712 and Ile642 as 222 reported in previous studies(9, 37). 
Protein-Protein Docking analysis 224
To address the questions regarding the effect of KIRA binding on the IRE1 dimer formation, 225 and if KIRA is able to structurally interfere with either the face-to-face or back-to-back dimer 226 form, or both, we assessed if the KIRA-bound monomer structure (PDB code: 4U6R) is capable 227 of forming dimer structures.
228
In order to identify an appropriate protein-protein docking program, a series of docking 229 experiments were performed using five freely available programs. Starting from the known 230 crystallographic dimer structures of IRE1 in back-to-back (PDB code: 4YZC) and face-to-face 231 (3P23) conformers, we split the crystal structure into monomers and tried to reproduce the 232 dimer complexes with the programs. The docking results are shown in Table 1 and S1. Evaluating the RMSD over the five top-scored docked poses for all programs studied here 240 (Table S1), we note that the top-scored docking pose in almost all cases is also the one with 241 lowest RMSD. Of the five docking programs tested in the current study, SwarmDock was able 242 to reproduce the native crystallographic back-to-back (PDB code: 4YZC) and face-to-face (PDB 243 10 code: 3P23) dimers structures of the IRE1 to an RMSD of 3.56 and 1.39 Å, respectively, as 244 shown in Figure 3 . SwarmDock was thus also used for predicting dimers of the KIRA-bound 245 monomer structures (PDB 4U6R) in the back-to-back and face-to-face orientations. 246 We first evaluated steric clashes at the interchain region by superposing the monomer of the 247 4U6R PDB structure on each monomer of the native crystallographic structures of the IRE1 248 back-to-back and face-to-face dimers ( Figure S3 ). The KIRA-bound dimer forms produce 249 several steric clashes at interchain level, especially at the helix-αC and the activation segment 250 in KIRA-bound face-to-face dimer ( Figure S3 ). We note that the backbone of Glu604 and the The best docked pose (in terms of Cα atom RMSD) generated for the face-to-face dimer shown 266 in Fig. 4A is very far from the experimental one, with an RMSD of 24.24 Å. No structures with 267 better RMSD were found within the 5 top scoring docking poses (RMSD 24.24, 25.29, 34.11, 268 27.49 and 25.40 Å, respectively). Since the program is shown to successfully predict the 269 crystallographic dimer forms, the high RMSD values are not likely a result of bad sampling.
270
Rather, the KIRA induced conformational changes have rendered the system incapable of 271 appropriate dimer formation.
272
Comparison of the best back-to-back docking pose obtained using the 4U6R PDB structure and 273 the crystal structures of the back-to-back dimer was also performed ( Figure 4B ). The RMSD 274 analysis for the best docking pose gives a value near 4 Å, in line with the RMSD value identified 275 when using the native monomer structure (Table 1) . Figure S4 . 333 To investigate impact of KIRA on the IRE1 back-to-back dimer, three different systems were 334 also considered here, namely the native back-to-back dimer crystal structure (PDB code: 335 4YZC), the native dimer structure (PDB code: 4YZC) with KIRA docked, and the protein-protein 336 docked pose of PDB 4U6R in back-to-back dimer form, respectively. The stabilities of the three 337 systems were studied during three MD replicas, each replica being 300 ns in length. (Figure 7A and S6A) . In contrast to the face-to-face dimer 359 systems investigated, the KIRA-docked back-to-back dimer (PDB code: 4YZC) and the protein- Moreover, energetic analysis of KIRA and staurosporine in each kinase active site of the back-392 to-back dimer revealed similar energetic stabilization of staurosporine compared to KIRA, with 393 each ligand being able to interact favorable with the IRE1 pocket active site during the entire 394 simulation in the three replicas ( Figure S8 ). 395 396 4. Conclusions and perspective 397 We have investigated the impact of KIRA binding on IRE1 dimer structures. Unexpectedly, the 398 docking and MD simulations studies reveal that KIRA can bind to the kinase pocket of IRE1 in 399 both the native face-to-face and back-to-back forms. A detailed analysis of the IRE1 monomer-400 monomer interactions process for the face-to-face dimer in presence of KIRA revealed 401 energetic destabilization, suggesting that the binding of KIRA is affecting the system already 402 at the stage of face-to-face dimer formation.Given that IRE1 activation appears to be 403 dependent on the close communication between the kinase and RNase domains, the data 404 leads us to believe that KIRA has a prominent role at the early stage of IRE1 activation, by 405 destabilizing face-to-face dimer formation. This will impair the trans-autophosphorylation 406 process, and thus preventing IRE1 from reaching the RNase active back-to-back structure.
MD simulations analysis: influence of KIRA on the back-to-back dimer

407
The proposed mechanism of blocking the trans-autophosphorylation provides a molecular 408 level validation of available experimental data where KIRA compounds inhibit IRE1 409 phosphorylation(8). This is further supported by the experimental observation that upon the 410 inclusion of KIRAs, Western blotting reveals formation of IRE1 monomers only(8).
411
The data reported herein provide another small piece of information towards the 412 understanding of IRE1 activity and the structural evidence of KIRA's role in the IRE1 inhibition 413 process, representing a stimulus to explore and better understand the IRE1 signaling. Replicates 1, 2, and 3 are represented in red, green and blue, respectively. S14 Table S1 . RMSD a for the 5 top-scored docked poses generated using five different proteinprotein docking approaches to reproduce the known IRE1 dimer complexes.
Face-to-face dimer (PDB code: 3P23 )
Back-to-back dimer (PDB code: 4YZC) SwarmDock 1. 39, 27.47, 12.94, 16.43, 1, 42 3.56, 31.58, 23.99, 20.23, 34.32 ZDOCK 12.48, 14.59, 0.97, 16.24, 3.65 3.32, 23.70, 31.57, 33.97, 13.34 HsymDock 3.12, 33.20, 39.72, 38.63, 33.62 13.25, 12.84, 30.68, 28.96, 35.72 PatchDock 24.33, 30.03, 25.45, 28.00, 32, 59 29.49, 21.59, 28.19, 25.35, 21.79 ClusPro 3.58, 11.91, 22.40, 17.65, 29.22 31.01, 33.02, 30.02, 34.60, 30 .10 a Root-mean-square deviation (RMSD) is calculated for Cα atoms by superimposing the five top-scored docked poses generated by the programs, with the crystallographic structures. 
